Over the last decades, the ongoing global climate change, combined with consequent increasing water demand for human needs, is causing recurrent droughts in previously perennial streams. These phenomena have been dramatically increasing their extent, with significant repercussions on the entire food web. Consequences of water scarcity are particularly remarkable in mountain streams, where the frequency of droughts is increasing at a rate that does not allow species to adapt. In the present research, we monitored benthic diatom communities within an intermittent Alpine river (Pellice River; North-Western Italy) during the three key phases of its hydrological cycle: i) stable flow ii) lentification iii) rewetting of the riverbed after a supraseasonal drought lasting five months.
INTRODUCTION
Hydrological disturbance in rivers created by extreme events, like floods and droughts, affects biological communities in different ways, such as inducing productivity shifts, increasing or interrupting the three-dimensional connectivity of the stretches and altering the physical and chemical conditions of the river (Van Looy et al., 2019) . In particular, drought events in Alpine rivers have been dramatically increasing during the last decades due to the combined effect of global climate change and the consequent increasing water demand for human purposes. Droughts are becoming particularly intense and widespread phenomena, which leave several kilometres of riverbeds completely dry for many months, even after summer (Fenoglio et al., 2010; Piano et al., 2019a) .
These kind of events have been defined by Lake (2003) as "supraseasonal droughts": unpredictable and aseasonal droughts caused by a decrease of the precipitations and water availability. Over the last years, supraseasonal droughts occurring in the Cottian Alps (Northwestern Italy) have been receiving an impressive eco among valley inhabitants and national media. For instance, in 2017 dryness was particularly strong and on September, the spring of the most important and longest Italian river, the Po, got dry. This triggered a cascade of events, which moved the interest of both local and national media on this phenomenon, with several articles published in the newspapers and reports broadcast A c c e p t e d A r t i c l e www.jlimnol.it in the TV. Beside the consequences on the river biota, the hydrological crisis of 2017 led to heavy damages to the agriculture, with a loss estimation of 185.4 million euros, only in the Piedmont region.
Drought events have been highlighted to affect the entire river biota, with final consequences on the whole food web throughout an increase of the competition and predation rate, and changes in the nature of food resources (Fenoglio et al., 2010) . The effects of droughts on the Alpine river communities have been recently explored at different levels, from fish (Fenoglio et al., 2010) , to benthic macroinvertebrates (Fenoglio et al., 2007; Doretto et al., 2018; Piano et al., 2019b) and unicellular organisms inhabiting the biofilm (Falasco et al., 2018a) . For instance, in their recent work, Piano et al. (2019b) confirmed that drought prevents the development of thick and mature periphyton, it promotes heterotrophy and alters the fatty acid composition of the biofilm. In that work, it was observed that all these alterations led to a reduced grazing efficiency of the macroinvertebrate scrapers and, as a consequence, to a reduction of their ecological niche. Within periphyton communities, autotrophic groups are the most affected by drought conditions compared to bacteria (Timoner et al., 2014) , with proportional effects according to the duration of the dry period (Acuña et al., 2015) . Droughts have immediate effects on the autotrophic processes, which can be recorded through several ecological metrics, such as chlorophyll a, which shows a significant disturbanceresponse relationship (Piano et al., 2017) . Among benthic primary producers, diatoms showed lower resistance to dry conditions compared to cyanobacteria and green algae (Acuña et al., 2015; Piano et al., 2015; 2017) , due to their low ability to develop desiccation-tolerance mechanisms, contrarily to the other two groups. However, exceptions occur. Indeed, some diatom species such as those belonging to the genera Diadesmis, Hantzschia or Nupela, are naturally adapted to colonise also aerial habitats (see Falasco et al., 2015 for an example). Despite this, in general diatoms can survive to droughts mainly exploiting refugia, such as residual pools, leaf packs and dry biofilm (McQuoid and Hobson, 1996; Robson and Matthews, 2004; Souffreau et al., 2013) . Notwithstanding their ability to cope with desiccation remains low, diatoms demonstrated to have a greater resilience capacity than other autotrophic groups (Stanley et al., 2004; Acuña et al., 2015) .
In this context, Van Looy et al. (2019) explored three mechanisms promoting community resilience in rivers affected by hydrological disturbance, related to resources, recruitment and refugia. In particular: i) temporal resource variation results in resource pulses, which in turn causes internal reorganization of communities based on intra-and interspecific interactions; ii) the spatial organization of habitat patches favours or disfavours colonization processes depending on habitat connectivity/fragmentation, species' dispersal ability and size of species pool within the area; iii) environmental heterogeneity guarantees the presence of refugia where species can survive during extreme events. These three resilience mechanisms are intrinsically linked to the composition in A c c e p t e d A r t i c l e www.jlimnol.it species during the pre-drought event and/or to the composition of the assemblages colonizing the permanent stretches, which serve as source during the recolonization process. For instance, in a previous study carried out in three Mediterranean streams, we pointed out that communities composed by high percentages of endangered diatoms were less resilient than those composed of generalists and ubiquitous taxa (Falasco et al., 2018b) . Only in this second case, the communities were able to completely recover just one month after the disturbance event, while threatened species slowed the periphyton speed recovery, which did not reach the pre-drought state even after 3 months.
The resilience capacity is also strictly dependent on the functional traits of species composing source communities. In this context, recent results obtained by Soininen et al. (2016) underlined the importance of considering guild composition in tracking and assessing environmental gradients. In particular, the authors observed that diatom species composition better explains geographical distribution, with biogeographical patterns similar to those of larger organisms, while ecological guilds better describe the environmental gradients, partially reconfirming the finding of Passy (2007) .
To further confirm this, B-Béres et al. (2019) found a significant decrease of the functional richness in intermittent sections compared to permanent ones.
In the present research, we monitored three key phases of the hydrological cycle of an Alpine intermittent river, namely stable flow, lentification (see Sabater, 2008 and Falasco et al., 2018a for a definition) and rewetting, in order to identify which metrics referred to diatom communities best respond to each of them. In all these three phases, we examined the response of diatom community by analyzing not only the taxonomic composition, but also functional metrics: primary production, ecological guilds, life forms and eco-morphological groups. The overall aim of this paper is to strengthen our knowledge on the response of benthic diatom communities to the physical stress created by the alteration of the hydrological cycle in the Alpine rivers. Specifically, we aimed at: i) exploring the modes, timing and patterns of periphyton recovery after a supraseasonal drought event;
ii) analyzing changes within the diatom community in terms of species composition during the different phases of the hydrological cycle; iii) identifying functional metrics within the diatom communities, that can provide insights into the hydrological alterations of recently intermittent streams.
METHODS

Study area
The present study was carried out in the Pellice River (Northwest Italy), which is one of the most important tributaries of the Po River within the Southwest Alps. Notwithstanding the mean annual discharge (4.3 m 3 s -1 at the studied sections; http://www.provincia.torino.gov.it/natura/file-A c c e p t e d A r t i c l e www.jlimnol.it storage/download/linee_indirizzo_pesca.pdf) is similar to other permanent Alpine watercourses, this river is affected by recurrent supraseasonal droughts since 2011. In particular, the stretch located about 30 km from its source has been affected by an exceptional supraseasonal drought in 2017.
Indeed, from August 2017 to the beginning of January 2018 (ca. 130 days) about 12 km of the Pellice River, from Bricherasio (32T 0366616 UTM 4964138) to Villafranca Piemonte (32T 0378214 UTM 4963515) were completely dry. Maps illustrating the cumulative precipitation amount (mm) in the studied area, from January 2017 to March 2018 , are shown in Doretto et al. (2019 . In order to investigate the effect of the lentification process preceding the drought and the following recolonization phase, we monitored the first part of this stretch (hereafter downstream site, DW), together with a section with permanent flow located about 3 km upstream as a reference site (hereafter upstream site, UP). The surrounding land use of both sites is similar and is mainly characterized by orchards and vineyards and, in part, by riparian forests (see Falasco et al., 2018a for further details on sampling site location and percentages of land use in the studied area). According to the water Framework Directive 2000/60 the ecological status of these sites is "good" and their diatom flora is representative of the Western-Alps (Falasco et al., 2013) .
In order to monitor the pre-drought phase, in 2017 we performed monthly sampling sessions (see Tab. 1 for dates and codes), from early spring (March) to summer (August). In particular: (1) sampling sessions from March to June 2017 were considered as representative of the "stable flow" (number of diatom samples analysed n=8); (2) July and August 2017 campaigns as representative of the "lentification" process (number of diatom samples analysed n=4). Then, in order to monitor the "rewetting" phase (3), we performed frequent sampling sessions especially at the DW site, after the water flow return, which occurred on 9 th January 2018 (total number of diatom samples collected n= 39; analysed n=27). During this phase, 36 stony artificial bare substrates (i.e., squared tiles expressly made of local rocks; dimensions 9*9 cm) were interspersed on the streambed within a 10 m stretch at the downstream site. We chose to position our tiles in a lateral branch of the river, in order to prevent their rolling and/or lost. The use of artificial substrates allowed avoiding potential confounding effects on the recolonization pattern due to the different structure of natural cobbles (i.e. shape, roughness, presence of crevices...) and to the possible presence of resistance forms surviving during the drought. The monitoring of this last phase allowed us to detect the temporal pattern of the recolonization process of the diatom communities. 
Physical and chemical parameters
On each sampling occasion, we measured the most important physical and chemical water parameters. In particular, we recorded water temperature (Temp), dissolved oxygen (DO), pH and conductivity (Cond) by means of a multiparametric probe (Hydrolab mod. Quanta). Current velocity (Vel) was measured by means of a current meter (Mod RHCM Idromar) placed at 0.05 m from the bottom of the riverbed, while water depth was measured by means of a meter tape. Water samples were collected for laboratory analyses of the soluble reactive phosphorous (SRP; according to APAT-IRSA CNR 2003) , nitrate (N-NO3) and ammonium nitrogen (N-NH3), performed by means of a LASA100 spectrophotometer with specific analysis kits. In detail, SRP was measured throughout the molybdenum blue colorimetric analysis with ascorbic acid as reducing agent. N-NO3 was estimated throughout the reaction between sulphuric and phosphoric acids with 2,6-dimethylphenol to form 4nitro-2,6-dimethylphenol. For N-NH3, ammonium ions reacted at pH 12.6 with hypochlorite ions and salicylate ions in the presence of sodium nitroprusside as a catalyst, to form indophenol blue.
Chlorophyll-a
During each sampling campaign, we measured the amount of benthic chlorophyll a by means of the BenthoTorch, developed by BBE Moldaenke GmbH (Schwentinental, Germany). BenthoTorch is a fluorometric probe emitting light pulses at three different wavelengths (470, 525 and 610 nm), recording the response of diatoms, cyanobacteria and green algae at 690 nm wavelength (Kahlert and McKie 2014) . After each measurement we were able to obtain: i) the amount of benthic chlorophyll a (hereafter chla) of the three main autotrophic groups composing the biofilm (i.e., diatoms, cyanobacteria and green algae); ii) the total benthic chlorophyll a of the periphyton (hereafter total chla) obtained by summing up the diatom, cyanobacteria and green algae chla values; iii) the relative contribution of each autotrophic group (as percentage) to the total chla (diatom chla / total chla; cyanobacteria chla / total chla; green algae chla / total chla). During each sampling campaign and at each sampling station, we collected three substrates from the riverbed and we performed three measurements of chla on each surface (3 measurements X 3 substrates = 9 chla measures for each date). During the rewetting phase, chla was measured on the surface of natural cobbles at UP site, while on the artificial substrates at DW.
Diatom community
In order to analyse the diatom community, during the stable flow and the lentification phases, we collected diatom samples by carefully brushing three natural cobbles located along a linear transect and the samples were pooled together. The same procedure was followed at UP site during the A c c e p t e d A r t i c l e www.jlimnol.it rewetting phase. During this phase, at DW site, we collected three replicates of periphyton by brushing three different artificial substrates. These samples were kept and analyzed separately one from the other, for community analysis purposes (in total 27 samples = 3 tiles X 9 sampling occasions). We decided to sample cobbles in the UP section to be more realistic as possible when describing the species that possibly drift downstream during the recolonization phase. Indeed, even though bare tiles have been recognized as a realistic representation of natural cobbles, we wanted to be sure not to exclude any species (present in the UP site, but likely slower to colonize bare substrates) participating in the recolonization phase. On the contrary, we chose to use tiles at DW and kept the 3 replicates separated for the community analysis mainly to 1) exclude the presence of resting forms which could be present on the natural substrate (and would have produced confounding effects during the results interpretation) 2) to comply with the requirements of the PRC analysis (that need at least 3 replicates for each tested treatment).
All the samples were preserved in ethanol and treated in laboratory, following the European standard procedure (European Committee for Standardization 2003). A cleaned suspension of diatoms was obtained by boiling samples with hydrogen peroxide (30%) and HCl (1N). Slides for light microscope analysis were mounted in Naphrax ® resin and analyzed at 100X with immersion oil.
At least 400 valves per slide were identified according to the most common European diatom floras and monographies as well as recent taxonomic papers (see Falasco et al. 2016a for further details).
The only exception was represented by DW diatom community at RT4: due to the low density of the individuals in the slide, we decided to identify only 100 valves to have a qualitative estimate of the species presence during the first days of the recovery. We are aware that data deriving from this analysis cannot be considered fully reliable, thus these results are discussed with caution in the following sections.
Recorded species were then classified into the following functional groups: (1) ecological guilds (low profile, high profile, motile and planktonic; according to Rimet and Bouchez, 2012) ; (2) growth forms (adnate, pad-attached, stalked, motile and tube-forming; according to Rimet and Bouchez, 2012) ; (3) eco-morphological forms (referring to B-Béres et al., 2016) .
Statistical analyses
Differences in terms of physical and chemical parameters among the three phases of the hydrological cycle were tested using the analysis of the variance (ANOVA) followed by a Tukey's post-hoc test, by means of PAST 3.12 (Hammer et al., 2001) . All the parameters were log(x+1) transformed before the analysis. Then, we tested the temporal variability of the total benthic chla and that of the three algal groups (i.e., diatom, cyanobacteria, green algae) as well as their relative proportions during the three phases of the hydrological cycle at DW, via Generalized Additive Model (GAM) in R environment (R Core Team, 2018) . Prior to perform statistical models, we carried out the data exploration and evaluated correlations (Pearson) among data in accordance with the protocol proposed by Zuur et al. (2010) .
Outliers were removed and highly correlated variables were excluded to avoid confounding effects and model overfitting (Zuur et al., 2010) . Data on the concentration of chlorophyll a of diatom, cyanobacteria and total chlorophyll a were log(x+1) transformed and for these biological metrics a normal distribution was applied. On the contrary, for green algae chla and for all the relative proportions, models were fitted with a binomial distribution which is able to deal with both presence/absence data (Bernoulli distribution) and proportional data (strictly binomial distribution) as recommended in Zuur et al., 2009. The factor "time" was considered as a continuous variable by assigning a numerical value to each sampling campaign in relation to the drought: negative values were assigned to the pre-drought phases, while progressive positive values were assigned to the sampling campaigns of the rewetting phase. GAMs were performed with the "gam" function in the mgcv R package (Wood and Wood, 2015) .
Before analysing community data, we excluded from the biological database all those species identified only in one sample out of 42 and those species whose maximum relative abundance was <1%. We performed a Principal Coordinate Axes (PCoA) with Bray-Curtis as distance measure to visually inspect differences in community composition among samples taken in different phases of the hydrological cycle of the Pellice River. We then tested whether dissimilarity in taxa composition was significantly different among the three groups (i.e., stable flow, lentification and rewetting) through a PERMANOVA with 9999 random permutations. Both analyses were performed by means of the statistical software PAST 3.12 (Hammer et al., 2001) . Due to the very low abundances detected and the scarce reliability of the community sampled at DW site during RT4, we excluded these samples from the PCoA analysis. Afterwards, we performed an Indicator Species Analysis (ISA) to highlight statistically significant species, representative of the three groups derived from the PCoA, Significance was tested by means of a Monte Carlo test with 999 permutations. The PRC graph allows assessing the distance of communities observed in a treatment (i.e., DW) with a control community (i.e., UP) over time.
RESULTS
Physical and chemical parameters
The values of the main physical and chemical parameters measured during the surveys are shown in Tab.1. We detected statistically significant differences among the three phases of the hydrological cycle (i.e., stable flow, lentification and rewetting) for most of the environmental parameters and for nitrates (Tab. 2). Conductivity was generally low (114-199 µS cm -1 ) and we observed a significant increasing trend during the lentification phase, but fluctuating values during the rewetting. In particular, conductivity ranged from 139 to 160 µS cm -1 at the beginning of the rewetting, and decreased down to 122 µS cm -1 during campaign RT12. Dissolved oxygen was generally high during the whole experiment, with the exception of measures collected in July and August 2017, when lentification and water temperature were at their maximum (max water temperature= 20.6°C). We did not detect statistically significant differences in terms of SRP and N-NH3 that were generally low during the whole survey. The highest levels of nitrates were detected during the rewetting phase and in particular at DW station. While the UP nitrate levels never exceeded 1.660 mgL -1 , they reached a maximum value of 3.690 at DW site during January 2018. Thus, according to the Italian Water Legislation (D. Leg. 152/2006 and successive ones) the sites can be classified, at worst, as βmesotrophic.
Positive correlations between time and dissolved oxygen, pH and nitrates, were revealed by the Pearson correlation test (see S1). Negative correlations were detected among time and temperature, flow velocity and depth (see S1). No significant relationship was found between time and conductivity, probably due to the slight fluctuations detected during the rewetting phase. Based on these results, we can argue that most of the environmental and chemical differences detected during the monitoring reflect in the best way the hydrological changes observed during the whole survey, and time represents a good proxy of the different phases of the hydrological cycle.
Chlorophyll a
The mean total chla was in line with the low trophic status of the river (2.28 µg cm -2 ±2.93). During the first part of the survey (stable flow), we recorded similar values of total chla at both UP and DW sites. Afterwards, the lentification was characterized by a slight increase in the total productivity, especially at UP station, in accordance with the seasonal trend. During the rewetting, at DW station, we detected no algal activity during the first two sampling sessions (RT1 and RT2; see Tab. 1 for code explanation). At RT3, we recorded only the presence of green algae, with values ranging from 0.02 to 0.03 µg cm -2 , while no diatoms or cyanobacteria were detected. Diatom presence was observed starting from RT4, even if with very low values (median value 0.05 µg cm -2 ). The total benthic productivity at DW showed a sharp increase one month after water return (RT7; median value 1.45 µg cm -2 ) and grew over the next 45 days, up to reach a peak at RT11 (median value 10.05 µg cm -2 ).
Finally, it decreased from 10.05 to 4.60 µg cm -2 at RT12. Patterns of total chla, as well as chla of diatoms, cyanobacteria and green algae, over the time at DW stations were confirmed through GAMs (Tab. 3 and Fig. 1) . The effect of time was statistically significant, except for green algae, which showed a near significant effect (P=0.052). Total chla mainly followed the trend of diatom chla, which mostly contributed to the total primary productivity. In detail, total chla and diatom chla slowly decreased during the lentification phase; they were zero during the first days of the rewetting (from RT1 to RT3); afterwards they showed a steep increase starting from RT5 (Fig. 1 a,b) . On the contrary, we observed a different pattern for cyanobacteria, which showed an increase during the lentification process ( Fig. 1c) . Green algae showed an opposite trend in comparison to diatoms, and this group characterized the rewetting phase (Fig. 1d) .
A clear pattern was noticeable in terms of relative proportions of chla of the three main benthic autotrophic groups, which changed during the different phases of the study (Fig. 1 e-g) . Diatom chla resulted as the most representative component at UP site, both before and after the drought. Under these conditions, the relative contribution of diatoms to the total chla ranged from 60% up to 100%. Cyanobacteria at UP rapidly increased with the lentification progression and their relative contribution ranged from 30 to 41%. The relative proportion of diatom chla at DW reached its lowest value during August 2017, when diatoms represented 47% of the total chla in the biofilm. DW tiles were bare from algal colonization during the first 7 days after water return. Afterwards, tiles were mainly dominated by green algae (RT3-RT4). Later, relative proportions changed again, with increasing values for diatom chla (RT5-RT8). About 40 days after water return (RT9), the relative proportion of diatom chla reached values similar to those found at UP site (87-95% of relative contribution to the total chla). GAMs statistically confirmed these trends for diatom and green algae relative proportions (Tab. 3 and Fig. 1 ).
Diatom community
During the survey we identified a total of 161 diatom species (see S2). The ordination performed with the PCoA clearly depicts three different groups of samples (Fig. 2 Based on the three groups highlighted by the PCoA, we performed an Indicator Species Analysis to detect significant diatom species related to the three different hydrological conditions. Significant results of the ISA are shown in Tab. 4. We did not detect statistically significant species for GROUP 1 (stable conditions). On the contrary, GROUP 2 and 3 were characterized by species mainly belonging to the genera Navicula and Nitzschia (see Tab. 4 for details).
ANOVA detected significant differences among the three groups derived from the PCoA in terms of ecological guilds, life forms and eco-morphological groups (Tab. 5). The low profile guild was significantly more abundant in the most stable conditions (GROUP 1), and its relative proportion significantly decreased both during the lentification (GROUP 2) and especially in the rewetting (GROUP 3), in which they presented the lowest abundances. The opposite pattern was observed for motile taxa, which presented the highest percentages during the rewetting phase. High profile taxa seemed to be affected more by the lentification process (stage at which they reached the minimum percentages), than by the rewetting. Concerning life-forms, we found significant results only for stalked and motile taxa. The relative proportion of stalked species steeply decreased over the time, showing the highest values during the stable periods and the lowest during the rewetting phase. Motile group was the most representative one during the rewetting phase.
Regarding the eco-morphological groups, the response of the LS2 group was strictly linked to Results of the PRC analysis (Fig. 3) Czarnecki and R. sinuata. When examining the temporal pattern of community composition, we could notice that the relative abundances of species at DW (RT4) were initially similar to those observed in the upstream site. However, as already pointed out, diatom density characterizing DW samples at RT4 was very scarce affecting the reliability of results deriving from their analysis. In the first phase of the colonization (RT5 and RT6) the early colonizers such as A. minutissimum, A. pyrenaicum and E. silesiacum, obtained a numerical advantage over subsequent immigrants thanks to their high reproductive rates. Despite this, and even if A. pyrenaicum significantly dominated the upstream section, it was not noteworthy at DW. Beside these three species, it is important to highlight the presence of N. fonticola already during this first stage of the colonization. As pointed out in Fig. 3 , the distance between the reference line of the control and the treatments increased from RT5 to RT10, highlighting differences among UP and DW communities. During this time span we noticed at the DW site, a gradual decrease in the relative abundance of A. pyrenaicum and Cocconeis lineata Ehrenberg. At the same time, we observed an increase of E. silesiacum and Fragilaria sp., as well as an increase of species adapted to the physical disturbance, such as N. fonticola, and F. saprophila (accounting together more than 30% of the downstream communities). Almost at the end of the experiment (RT11 and RT12) reference and treatment lines got closer (Fig. 3) , reflecting the resemblance of the communities inhabiting UP and DW sections. 
DISCUSSION
The results obtained in the present paper showed that most of the environmental and chemical differences detected during the monitoring reflected in the best way the hydrological changes observed during the whole survey (S3). The three phases of the hydrological cycle of the Pellice river (i.e., stable conditions, lentification and rewetting) were significantly characterized by different levels of productivity and changes in the diatom community, both from the taxonomic and the functional points of view (S3).
In the following sections we will highlight the main results obtained in terms of algal response to the different hydrological phases.
Dynamics of the benthic autotrophic communities before and after the drought
The relative proportion of chlorophyll a for the three main autotrophic periphyton groups resulted in a reliable metric for the evaluation of the hydrological disturbance, as the three groups showed clearly diverse patterns and responses during the different phases of the experiment, as highlighted by recent studies (Piano et al., 2017; Zlatanović et al., 2018) . Under stable conditions, diatoms always accounted for more than 60 % of the total chlorophyll a, but they decreased with the lentification, being replaced by cyanobacteria, especially at DW site where the disturbance was higher. After water return, we detected no algal activity during the first three sampling campaigns (T1-T3). Afterwards, green algae were the only representative group of the biofilm and their dominance lasted for one month after the water return, with a maximum absolute value of chlorophyll a of 1.12 µg cm -2 . Their post-drought colonization could have been favoured by the presence of moist habitats disconnected from the main flow. Starting from RT9 (38 days after water return), the relative proportions of the three main autotrophic groups reached again the values observed at the upstream section. Therefore, diatoms proved to be the group most negatively influenced by both lentification and rewetting.
Cyanobacteria were favoured by the lentification process, when the formation of shallow pools and high water temperature likely created the optimum environmental conditions for their growth (Romaní et al., 2012) . Green algae seemed to take advantage from the drought, and, as already observed by other authors, showed an opposite trend with diatoms (Luttenton and Lowe, 2006; Piano et al., 2015) .
Responses of the diatom community
Visual inspection of the PCoA ordination depicts a clear difference in terms of taxonomic composition among samples, allowing us to identify three hydrological phases. The stable phase was mainly characterized by A. pyrenaicum and A. minutissimum, which are two of the most A c c e p t e d A r t i c l e www.jlimnol.it representative species inhabiting the Alpine watercourses of the NW-Italy, adapted to live in fastflowing waters, with low nutrient content (Falasco et al., 2013) . During the lentification phase, we observed an increase of two representatives of the genus Nitzschia: N. archibaldii and N. fonticola (more detailed results concerning the changes within the diatom community during the lentification phase are presented in Falasco et al., 2018b) . As already observed in previous studies, these motile taxa present a competitive advantage if compared to sessile diatoms, because, through their movement across the substrate, they can find and exploit more suitable habitats (Falasco et al., 2018b) . During rewetting, communities rapidly changed, displaying different relative abundances. Principal Response Curve analysis showed a complete recovery of the downstream community at the end of the experiment, 73 days after water return. The time of recovery generally depends from several factors, such as species composition before the disturbance event and that of the upstream sections, the presence of refugia, the velocity of the water retreat and so on. As we will discuss in the following section, the short distance between upstream and downstream sites certainly favoured the recolonization once water connectivity was restored, and upstream site represented the only source of propagules for the community recovery. In a previous study carried out in the Mediterranean area (Falasco et al., 2018a) , we found that communities composed of sensitive species, such as threatened taxa, recovered slower (more than 90 days) than assemblages composed of ubiquitous and generalist species (ca. 30 days). In the present study, most of the species detected at the upstream site were able to drift and start the colonization on downstream cobbles, already 14 days after water return.
However, results obtained through the PRC showed that a good recovery of the downstream community took as long as two months after water return. This result, once more, underlined the low adaptation capacity of the diatom Alpine communities to cope with droughts, in comparison to the Mediterranean ones, which are naturally adapted to this kind of events.
In our study, among the three resilience mechanisms presented by Van Looy et al. (2019) , habitat connectivity and competition for resources proved to be the main resilience mechanisms driving diatom recolonization process. Indeed, diatoms had no possibility to exploit refugia, since no residual pools lasted during the drought phase and no dry biofilm was present on our artificial substrates. Therefore, colonization was exclusively driven by the drift from the upstream section. In a first phase of the rewetting, priority effect and monopolization certainly dominated (De Meester et al., 2016) , with ruderal species prevailing over secondary colonizers thanks to their high reproductive rates. In a second step, the competition for the resources became an important factor in shaping diatom community at different levels and species adapted to physical disturbance were favoured. At the end of the experiment, community compositions of the sites were almost similar. During the recolonization process we cannot exclude the role of the competition exerted by the other autotrophic A c c e p t e d A r t i c l e www.jlimnol.it groups growing within the biofilm (especially green algae) in shaping the diatom communities of the recovery phase. Moreover, also the pressure exerted by the scrapers had certainly contributed to shape the diatom community during the whole experiment (Piano et al., 2019b) and probably limited the growth of stalked taxa, more subject to herbivory pressure than other guilds (Passy and Larson, 2019) , especially during the rewetting phase.
When considering the response of functional traits, we expected that generalist, small low profile taxa, tolerating physical disturbance and with high reproductive rates, would have characterized the first phase of the recolonization. Our results partially confirmed this hypothesis which was in accordance with previous findings (B-Béres et al., 2019) . However, high profile and motile groups rapidly increased their abundance disadvantaging first colonizers at the downstream site (S3). Pioneer species are able to cope with physical disturbance and probably exploited detritus as substratum, contributing to the formation of a basal layer. Stalked taxa resulted the most disadvantaged group, decreasing their abundance in summer and slowly recovering during the rewetting. Beside the control exerted by scrapers on this group, we can hypothesise that the stalks produced by these cells expose the individuals to the desiccation occurred during the low discharge. Our results confirmed the observations of Elias et al. (2015) , who found a significant decrease of stalked taxa still one year after water return.
CONCLUSIONS
Diatoms proved again to be one of the most sensitive group to hydrological disturbance and to be scarcely resistant to drought. As demonstrated by the chlorophyll a pattern, diatoms are rapidly replaced by other benthic groups, which better cope with lentification and desiccation. Despite their high resilience capability, the complete recovery of the diatom community occurred 73 days after water return.
Even if in a recent paper we pointed out that diatom community likely does not possess a "drying memory" of summer droughts (Piano et al., 2019a) , our results suggest that these organisms can be significantly affected by the occurrence of a supraseasonal drought, from both structural and compositional points of views. Intermittency in the Alpine area is quite a recent phenomenon, but considering the worsening of water scarcity scenario, the inclusion of the benthic chlorophyll a and functional group analyses should be carefully taken into consideration for the hydrological disturbance assessment (Falasco et al., 2016b) . 
